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ABSTRACT 

It Is tocoalng «ore «pparant that ■ fair proportion of hlgh-fraqusncy 

backacatter fron laval portions of th« earth's surface results from upright 

tsrgsts such ss trees and buildings. Using the standing-wave method, at 26 

MHz, trees hsve been Investigated at angles of incidence (with respect to 

the horizontal) up to 22.S*.  It «ss fjund thst s tree asy provide signifi- 

cant scstter. 

The present undertsking «ss to ■cKaure--by the same technique--back- 

scatter from cement «alls of different sises and conditions st 26 Mfs. 

Using s bslloon-boms transmitting sntenns snd telemetering probe, cross 

sectiona for both horisontal and vertical polarization were obtained for 

angles of incidence between 2.5* snd 22.5*. Magnltudss of cross sections 

«ere much greater for vertical polarization at lower angles of incidence. 

For angles of incidence other than broadside, but with the radiation 

perpendicular to the intersection of the well snd the ground, the «sll- 

ground combinstion behsved ss s corner reflector; the experimental reaults 

for Isrgsr »nils ahowed agreement with the corresponding theory.  Subse- 

quent extrspolstion of the theory suggeats that buildings «sy hsve cross 

sections mich higher than trees. 

A comparison of wsll scstter to thst from s Isrge oak tree, and con- 

sideration of other city targets, suggests thst st low angles of incidence 

horizontally polarized scstter should be Isrger fro« cities than from for- 

ests, primarily at the upper end of the HP spectrum.  Although an average 

building may have a cross section as much ss 16 db Isrger then thst for sn 

average tree, trees far outnumber buildings in the large areas illuminated 

by HF radar; therefore, trees may be the primary source of vertically po- 

larised ground bsckscstter. A knee «ss observed in the curves for cross 

section vs angle of incidence; however, the knee wss not ss pronounced for 

the «sll ss thst occurring for s large osk tree. This variance suggests 

thst scstter from buildings «sy be higher then thst from trees at the low- 

er angles of incidence. 

Bsckscstter signal enhancements from cities at particular frequencies 

might provide an indication of the magnitude of building scatter fro« a 

particular targst area. 
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SYMBOLS 

• an arbitrary wall  dlMnaion 

A 2Ao cos ♦ 

A phyaical  area of on« vail fac« 

A' a conatant uaed to dateralne    E.     for horizontal   polarisation 1 

B        BZ!, ■ the ralatlve fraa-apac« cross section 

c        spaad of light In free spsce 

C        cspscltsnc« of platas,  « C 

C        capacitance of platas In free apace 
o 

C capacitance added by Q aeter «hen platea are connected 

CL total parallel capacitance In circuit 

d thickness of a «all 

D «hortest dlstsnce between building roes 

B        field strength of the incident rsdlstlon st the tarnet position 
In the absence of the target 

U field strength at the position of the peak In the background p   , • 
In the abaen:e of  the ground 

Er field atrength of  the backseattered  radiation at  a dlatance    r 
fro« the target 

f lower 3-db cutoff  frequency  In    Q    «eaaurements 

f upper 3-db cutoff  frequency  In    Q    measurements 

f center frequency In    Q    measurements 

F s factor used  in determining    Ei    for vertical polarisation 

F a factor uaed  In determining    E      for horlsontal  polarisation 

0 gain of   transmitting/receiving  antenna 
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h full height of wall 

h        height of scattering power/telephone line 

h        height of probe 

h        height of a narrow horizontal target scattering segment 

horizontal Illumination factor 

vertical Illumination factor 

k        propagation constant In free space, 2n/\ 

k        propsgstlon constant of the wall 

L        Inductance of work coll used In capacitor-Q technique 

P        represents error In measured E  due to nonconstant phase- 
range dependence 

P receiver power fr^m backacatter 

P transmitted power 

Q Q of capacitor measured with wall material dielectric 

Q Indicated Q 

Q actual Q 

r distance between base of target and probe 

r        ground-reflected distance to the probe from a horizontal 
target segment 

r        range from target at which extrapolation was performed to r range from target at which extr 
determine l^0", usually 60 ft 

r        direct distance to probe from a horizontal target segment 

R        distance between the transmitter and the probe,  R - r 

R        distance between the transmitter and the target o 

R        distance between the tranamltter and the position of the null 
In the background 

R        dlatance between the tranamltter and the position of the peak 
In the background 

". 
reflection coefficient of  the ground 
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R reflection coefficient  of  the ground for horizontal  poltrlzatlon P 
i< „ reflection coefficient of the (round for vertical polarization 
gV 

K reflection coefficient of the «all 

R reflection coefficient of the dry «all 
«d 

R reflection coefficient of the «et «all 
«« 

R resistance which repreaenta a loaey dielectric 

8 factor to relate the relative to the actual free-apace croaa 
:tion 

T ,T repreaent transfer functiona uaed in capacitor-Q technique 

V tranaaltter voltage that creates null In probe telemeter 
output; l/v la relative field strength 

V voltage across capacitor measured in capacitor-Q technique 
c 

V voltage of RF generator in Q meter 

*« Vc " U 
Vu Vc •' fu 

V rormalized V  for parallel resonant circuit 
o * 

V normalized V  for parallel resonant circuit 
uo u 

w horizontal distance to target, r cos t 

p        angle between incident rays and ro«s of buildings 

6        path difference beteecn t«o rays 

h path difference beteeen ground-reflected and direct rays at a 
null in the background field variation 

path difference bet«een ground-reflected and direct rays at 
P       a peak in the background field variation 

€        relative dielectric constant 
r 

€        complex relative dielectric constant for the ground 
re 

g 
€        complex relative dielectric constant for a «all 
"« 
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i\ (2nh sin t)A 

X wavelength of radiation atudlad, 38 ft 

a radian frequency, 2TJ 

O O 

♦ angle of Incidanc« of incoming radiation, aeaaured to the 
ground 

a conductivity 

a (*) ruder croaa section aa a function of angle )f Incidence 

ff_ theoretical frt-e-apace rada» croaa aaction 
Bo 
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I.    iirrnoDucTiow 

At present, such Information about the ionosphere la gained through 

high-frequency berkecattar eoundlnge. It is also hoped to utilise back- 

scatter aoundlng in Identifying different typaa of terrain. However, in 

order to obtain reasonably accurate quantitative results, the total back- 

scattered power fron the illuminated area auat be known. Thia «ay be ob- 

tained through a knowledge of the radar crnaa-sectional area of the target. 

Backecatter propertlea of the ground have been the subject of «any invest i- 

gationa.  Backacatter coefficienta for different terrains and anglea of in- 

cidence were measured by Hagn at 32.8 Wz (Ref. l).  Steele [Refa. 2,3) 

obtained reaulta for morm  general types of terrsln using a IB-Ms backacat- 

ter aounder and asauning smooth Ionospheric condltlona. 

It was suggested by Steele [Refa. 2,3] that the backacatter from land 

la primarily aaaociated with upright targets (auch aa trees and buildings), 

and only secondarily with ground contour roughneaa.  To investigate thia, 

StanJe and Barnum [Ref. 4] developed a method for deducing free-apace radar 

cross sections of land objecta uaing the stsnding-wave method [Ref. .l]. At 

26 MHz it was found that a tree behaves like a resonant target--for both 

horizontal and vertical polarisation—and la capable of producing algnifi- 

cant backacatter.  In that inveatlgation, metal street-lighting assts had 

the largest cross section of the vsrious targets neaaured. 

Backacatter fron a rround target includea the ground aa part of the 

target, and croaa aecti .na are therefore a function of angle of incidence. 

Uaing the ssae technique of field messurenent ss Steele end Bsrnum (Ret, 4J, 

Steele [Ref. 6] developed s method for nessuring the cross section of a tree 

at different anglea of Incidence.  It waa found that a tree behavea like a 

conducting dipole for both horizontal and vertical polarization.  Below 30* 

acatter was generally stronger for verticsl polarization than for horizontal, 

and at 10* a pronounced knee e*'act waa observed for vertical polarization. 

If citlea provide aignificant acatter conpared to forests, they night 

be identifisble in sweep-frequency radar backacatter.  In thia connection, 

the radar croaa section of buildings would be of great interest. As with 

nost targets, city and foreat croaa sections should be sons function of 

frequency, end the psrticular function will affect thia identification. 
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Tb« pr«Mot undertftkin« vaa to ■•••ur« th« backscatt«r fro« various 

•1MS and condition, of coaant block «alls, and fro« tbsse aoasuraHonta 

doduca tbalr radar cross sactlons aa a function of angle of incidence and 

aall alsa.  Staale'a aatbod flaf. 6] waa aaplojrad at 25.9 MU over ancles 

of incldanca rangln« froa 2.5* to 22.5*. Vail alsaa ranged froa 5 ft high 

and 10 ft wide to 20 ft blgb and 20 ft -ride. Soae «alia «are aaaaurad both 

«at and dry. One «all «aa alao covered «Itb chicken «lref another con- 

tained vertical aatal roda abaddad in the «all, «Heb slaulstcd support 

uaad in actual construction. Moat of these results bave been predicted 

by «etael [laf. 7), and aaaauraaent of the electrical constants of the 

«all enabled bia theory to be calculated and coapared vlth esperlaental 

remit«. 

It «aa poaatble to predict relative aagnltudea of building and tree 

cross sactlot.«. Rnov]edge of these croaa sections, together «itb those 

for other city targeta, enabled approaiaata coaparlaons to be aade bet«e«n 

forest and city acattar for both polarisations. 
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II.  THEOKY 

Aasuatiif tr—-»pBcm  propagation (no tonoapbar«), tba radar croaa 

aactloa la daflnad by Ita radar aquetloB, 

3 2 

(4«)V B 

whar«     P ■ racalvad povar 

P ■ traaaalttad povar 

R ■ diatanca to tha acattarar 
o 
0 ■ gain of tha tranaaaitlng/racalving antanna 

\ ■ vavalangth 

Proa thla «a daduca that 

A . „2 
B    o 

I 

a 
El 

(a) 

I 
whara I   ia tha fiald strength of tha backacattarad radiation aa 

■•aaurad at tha trantmlttar, and I  la tha flald atrangth of tha 

Incldant radiation at tha targat. 

If va aaaaura I  at aona particular diatanca r fma tha targat, 

^ihar than R ,  tha ranga dapanrianca of ■  nust ba known In ordar to 

•atabllah tha valua of I  at R , whara Ita affect la ultlnataly raal- 

Isad In radar calculations, f.-r  all tha targat» uaad (aa vail aa all thoaa 

pracading [Rafa. 4,6i), tha targat vaa vail outalda tha flrat Praanal aona 

of tha transnlttar. Hanca tha illumination of tha target »•• of aaaantlal- 

lv uniform phma ovar Ita broadalu«. dlnanalona.  Alao tha ranga dapandanca 

of I  nay ba axpactad to vary aa l/r, provldad va ara far anouRh avay 

from tha targat. Tharafora, ragardlaaa of tha natura of tha targat, or Ita 

relation with tha ground, all that Is naadad la a maa*ura of I /R  at 

aoma diatanca r far enough from tha targat so that E  varlaa aa l/r. 

Por lower heights of targets, a suitable value of r will ba smallm- than 

for high targats. since for lower targets tha gtound-reflected and direct 
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!>■?■ r«radlat«d fro« ihm  target »111 •••UM •tMdjr-atat« intarfaranca 

cloaar to tba targat. Aa will ba aaaa in Chaptar IV. r • 60 ft «aa a 

aultat>la dlatanca la aoat caaaa. 

«atsal haa darlvad tbaoratlcal raaulta for a plana raflactor aounted 

vartlcally on tba ground and facing tba Incidant radiation (laf. 7 . Aa 

ba auggaata, tba targat la a coraar raflactor and raradiation baa rang« 

dapandanca l/r. Hi» raaulta ara glvan by 

ai(t)"aiD|r<f),i (3) 

«bar« 2 
4IIA  . k 

ffia • "T" ".(a) 
and 

.2/11 

*• (a) 

«bara a (<) la tba radar croaa aactlon aa a function of tba angla of 
B 

tnctdanca v; a^  »• tba fraa-apaca croaa aactlon of a flat plata In 
Bn 

fraa apaea, »1th noraally incidant radiation, »itb A^ ltd pt»t»ical araa; 

- - (2«b alo i)/\t    »bara b la tba baigbt of tba »all; B^ awl «^ ara 

tba raflactlon coafficianta of tba »all and ground, raspedivaIy, aa a 

function of gracing an^la (aagla of lat(danca) v. »a note that for larg» 

1 tlila raducaa to 

a||(♦).4atoco.atBJ(1«-t)|Bf(♦)|, (4) 

Then, 

»."^«'(i-'iivr w 

»bara A - 2A coa ♦;  tbla la la agraaaant »itb Barr [Baf. 8, p. 457' 
o 

»ban it la raaaabarad that a corner reflector Is equivalent to a flat plata 

of area 2A coa v. B  rapreaanta the aagnituda of the »all reflection 
o       » 
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coefficient which im found frou thm theory of thin (loaajr) dielectric 

•leb«  (Ref. 9j M 

*|(^-.^)| (•J 

«here    h      Is the propacatlon const «at of  the veil,    d    Is the thickness 

of  thw vsll,   sad    <rc      is the coaples relative dielectric constsnt of 

the vsll.    But since   k    ■ ~JfrcZ •    ** liav* 

■•S) m\k{1' Cmjd| ' 0-0S81  |l " <r«J 

eher«   a» • 2s(2S.0 x 10*),    e ■ 3 x 10*,     snd    d • 0.103 n. 

Using tre^   as derived in Chspter V, R  is cslculsted for t ■ 0. 
As Vetsel sugtssts, R^ vill not ehsage appreciably for angles of Inci- 

dence in the rsnge 0* < f < 30*. R (t) nay be assueed to be -1 for hort- 

soataJ polarisattnn. Por vertical polarisation, the ground conatan's auat 

be hnoen. Por thia terrain Steele [Ref. 6) eatinated that « ■ IS, a 
typical value. Reference to typical conductiflttea [Ref. 10, p. tog] en- 

-3    * ablea ua to naaune thst g * 7 x 10  aho/n for the particular terrain 

under atudy. Thia givea «re - 15 - 14.Bg, vhere tf^      ia the relative 

coeplex dielectric conatant for the ground. Thence, for vertical polar- 

isation, «« can calculate R  as follovs (Ref. g. p. 3M: Ref. 11 }i 

re •»"♦(re ■«»•a*)- 
%(♦) - —« ^—«  

*T*    •Ut M'rc ■ ^ *) 
t       v  g       ' 

(T) 

Enough information ess therefore obtslned to plot a set of theoretlcsl 

curves for aost of the vsrlnus sises snd conditions of eslls asasured. 
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III.  MEASUREMEVT TEOtMigi". 

Tb« staBdlng-vav« Mtbod for deducing • radar cro«« aactlon has baan 

adaptad to 2S.9 MH< aa daacrlbad by Staala and Barnua [Umt.  4],    Tor mm»- 

aurlng croaa aactlona at dlffaraot anglaa of tnctdanca. tba aatbod «aa fur- 

tbar adaptad aa daacrlbad by Staala («af. •). Rara. tba aaa» fraquancy vaa 

uaad, and tba ayataa waa uacbangad axcapt for tba natura of tba targat. A 

itlc dlagraa of tla aaaauraaaat alta la abovn la Tig.  1. 

O'OU SALLOON- 

,  CABLE 

FIG. 1.  DtPIRDflPn-AL «TUP FOft MBASOUMBrr OP CROSS 
StCTIONS AT DIFPEIODn- ARGlx; OP INCIDBtCK. 

Tba targata aara S-ln.-thick caaant block walla. Slsaa, In faat, 

»ara: S high by 10 »Ida; 10 by 10; 10 by 30; IS by 30; and 20 by 20. 

laat thraa «alii aara aaaaurad both »at and dry. In addition, tba 10- by 

10-ft wall aaa covarad «1th chlckan «Ira, and tba 10- by 20-ft «all con- 

tained vartlcal aatal roda spacad avary S.S ft to alaulata support uaad in 

actual construction. Otharalaa, tba «alia «ara aupportad only by a «oodan 

frMM; tba backacattar tmm  tba fraaa, avan «ban «at, «aa aatuaad nagliglbla. 

Pigur« 2 aboas tha «atting procaas. Tba «all «aa covarad «Itb «atvr 

on both aldaa to Inaura thorough daapnaaa.  It «aa aaauaad that tha dagraa 

of aatar parwatlon In tha «all aould corraapond, In radar backacattar 

caaaa, to a caaant building in a rainy araa subjactad to continuous down- 

pour, tharaby equal letn« total daapnaaa for tha t«o caaaa. 

SEL-67-002 
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no. 2.   WALL WBTTI!»O PROCESS, 
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Throuch ihm  u»« of • transit, tf  prob« lino and • Ito« norwa to 

th« vail vara poaltlooad to «itbla 1* borlaontal aaparatloo. Thm  prob« 

Ha« «at tba «all at tba «tddl« of Ita baaa.  sine« tba proba bun« 3 ft 

uodar Ita aupporting ropa, tb« rop« «aa alavatad an axparlaantalljr ad- 

juatad Mount, tbaraby adjuatln« tba actual proba Una to tba corract 

patb. A typical aatup la abovn la Pic. J. 

PIO. 3.  TTPICAL TAROBT SETUP:  I5-n HIGH BT 20-FT-WIDB WALL. 

HaaauraiMntt «ara takan ualng bu^ü borlaontal and vartlcal polarlaa- 

tlon. Aa «ill ba aaan and dlacuaaad latar, croaa «actions wara vary ««all 

for borlaontal polarisation, axcapt for tb« 20- by 20-ft (largaat) «all. 
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Tb« balloon-born« transalt tin« •nt«nna could b« ««nw-^rat' to a 

halght of ISO ft.  Sine« tb« targat vaa 300 ft «way, along the ground, 

angl«« of Incldanc« rangln« b«tw««n 2.5* to 32.S* *«r« achl«v«d.  The 

tala««t«rlng prob« vaa aovad along a ropa by ■«ana of pullayi and atrlnga; 

Its position vaa r«cord«d with tb« aid of a pluab bob. Tb« tranavlttar 

output vaa varlad to acblav« a standard «l«ctrlc field at tb« prob« for 

«ach position tb« prob« occupl«d. When this vaa a^oapllahed, tb« gate- 

controlled t«l«a«t«rlng tranaaltter ahoved a 17-db null.  A plot of In 

v«ra« transaltter output voltag« va r,  the radial dlatanca to tb« tran.i- 

altt«r antanna, gav« a relative Indication of tb« electric field variations 

In front of tb« target which would exist If aoa« constant transaltter out- 

put were valntalned. Th«s« plots will be discussed In the next chapter. 

Tbe follovlng It««« were noted by Steel« (itof. 6): Tb« dry 75-ft 

voodvn pol«, suspending tbe prob« line rope, vould Intruduc« only s slight 

constant attenuation to tb« transalttad signal. Any dsy-to-dsy variation 

of systaa «fflcl«ncy vaa of little cons«qu«nc«, sine« only rstlos of r«la- 

tlv« field strengths w«re desired. For exaaple, If tbe transalttlng an- 

tenna la raised to produce s different angle of Incidence, the obliquity 

affects both Incident and scattarad fialda although their ratio Is unaf- 

f«ct«d.  Likewise, any Incllnstlon of tbe probe (which n«v«r exceeded s 

fa« d«gr««s fro« vsrtical or borlsontal) affected B  and B  equally. 

Other targeta In tb« vicinity of th« «xperlaent (including the tree vhlch 

vaa found to have appreciable acattar) were far enough away fro« the probe 

so that tbe sddad field tans along the probe line vould produce only soae 

nagllglbla slow variation In the total field pattern. There are, of courae, 

soae factors which vould csuse error; these are discussed in Chapter IV. 
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II 

IV.  DATA RByJCTIOK A.VÜ A.VT1CIPATED ERROR 

Th« plots of l/v v« r ••!■• handlod in • fashion slallnr to tbon« 

don« by St««l« (tof. 6.  «xcopt that a dlffarant aathod vaa uaad to obtal 

tba incidant flald at tba targat, Bl. This la dlacuaaad In datall bale«. 

Tba usual plota of l/v va * «ara flrat obtalnad. V la tba Iran« 

alttar voltaga and » la tba borisontal dlstaaca batvaan tba tranaalttar 

snd tba proba. Slnca tba targats »ara not raaovabla, aa »aa tba caaa for 

tba traa (iaf. «I, a background flald vaa akatcbad in; tbla la tba flald 

tbat would aslat If tba targat wara raaovad. Tbla curva wsa aaauaad to ba 

aaootb, but not aonotonlc near tba targat and In aoaa cs*aa for larga », 

slnca ground raflactlona sndlfjr tba flald pattarn. Tba lattar vaa found 

to ba trua for typical caaaa In Staala'a vork.  g^ at tba paaks snd nulls 

in tba atandlng vava vaa daducad graphical>v and plottad on a log-log plot 

va p, tba radial (dlract) dlataaca batvaan tba proba and the targat. 

Rafaranca to tbaaa plota sbovs that a Una of alopa -1 could ba flttad to 

tba data, vlth aoaa points falling abova and soaa balov tba Una. Aa 

Staala points out, tba assuaptlon of tba particular background flald vari- 

ation aay ba In arror; bovavar, tbla aathod of finding E  tsnds to alnl- 
100 

alsa this arror providing that It la raadoa.  B^   Is found by axtrapo- 

latlng tba Una of -1 slopa to r - 100 ft (30.4g m).    Aa saan In Chapter 

II, slnca I  varies aa l/r, 

2 

aB  - 4s(30.48)2 

^00 
s 

«1 
(•) 

Slnca aany aata of data vara taken,  a quicker aethod for deteralnlng 

B      was desired.    Basically this Involved deteralnlng a fsctor called    P, 

for both horizontal   and vertical polarisation,  which,  when aultlpllad by 

l/v (v - 60 ft),  gave    1      for a particular set of dsta.    P    Is  then s 

funcMon of angle of  Incidence and Is quite different for tba tvo polar- 

isations aa aaen In Pig.   4.    This variance arises due to the widely differ- 

ing reflection coefficients for the ground vs sngle of  incidence,    "güC*) 

snd    R ..(♦).     for horlsontsl   snd vertlcsl   pol^lcstlon,   respectively. 
gV    " 

The underlying sssuaptlon Is that    *„(•')  snd    * v(*)    *** n01 change fro« 

SEL-67-002 10 



OTHCCnCt «IM«I 

FIG.   4.     P    PACTCRS FOR CALCULATING 

M 

v 
to Wh. A»  will b« •••n> this •••uaptloa »• probably valid sine« It 

«u found tbat raflactloa coafflclantc wore lower than axpactad, Indlcatin« 

pmbabla aubaurfaca raflactlon and ■ubaaquent attenuation on tha ground ra- 

flactad ray«. PUrtbanaora, tba aolatura content of tba aoll beneath the 

surface vould aa— fairly coaataat due to the presence of a water table and 

frequent enough rain. 

Por horlaootal polarlaatlon, F  waa obtained aa follows. 
m 

Oxer a period of 2 days, aata of data ware takmi for all the angles 

of incidence In question.  "Standard readings" were alao taken on each of 

these daya by recording 1/V at a particular angle of Incidence and probe 

ponition. Theae readlnga ware found Identical, and therefore the ayatea 

efficiency waa aaauaed constant for tbaaa aata of data. Next, it was ob- 

a^rvad that the data for 22.5* contained both a "peak" and a "null" In the 

background field variation (which la siallar to steele's exaapla [Ref. 6, 

p. 15]). Since the peak la cauaad by conatructlve Interference and the 

null la cauaad by destructive Interference between the direct and ground- 
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refl*ct*d rays, • relation «ay b« 4«rlv«d for tb« total incldant field 

reprasaatation at tba paak In taraa of tha field which would axlat thara 

In tba abaanca of tba ground. Tba occurranca of tha null and Ita poaition, 

togatbar with an aaauwptioa of conatant R ,  atiablad tbla calculation. 

All individual raya are aaauaad to vary aa l/R (where R ia aaaaurad 

froai tba traaaaitting antenna), ainca far field coaditioaa pravail. Hence, 

•t paak, 

J- - *• V. W 

where l/vp ia the field at tba paak. A* la a conatant which ia aaauned 

to be alwaya 2.0 ia Staala'a work for horiaontal polarisation [kaf. 6], 

and r   la tba field which would exl Po 
aence of the ground.  A*  is given by 

■nd e(w. ia ,h* field which would esiat at the peak poaition in the ab- 
Po 

QUA— A' -  ^T-1 

1 * 

where R^ and R  are the distances between tranaaittlng antanna ana 

probe at the null and paak, respectively;  l/Vg Is tba total field at the 

null:  ft. sad A., are the psth differences between direct end ground- 
m P 

reflected rsys st the null end peek, respectively.  For sn sngle of Inci- 

dence of 22.5*, the spproprlate set of above dats gave A* > 1.4«2 (which 

dlffera froe Steele'a aasuaad vslue of 2.0).  It wss interesting to find 

that  IR_.  (which waa aasuaad constsnt) waa found to be 0.62, where 

"*' • <*• -,)(, • y 
and had  a phaae lag of  161* 

Ö- - X 
Phaae  lag of    R      - -^  * 
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•ad  A ■ 38 ft  for tbla «xpenavnt.  Table 1 tbova th« various Buabars 

d«t«r«ln«d for finding A*. Vest, I  «M obtained aa 

Vaa.O-   *    .!* (*») 

«bar«    llo ■ 33S ft    for    t ■ 21.8*.    Piaally,   tha daairad    P    «aa obtained 

fro« 

F (22.d*)  . —i  
" y(a - «0 ft) 

(13) 

TABLE 1.     DATA POM DITII0IINIÜ0 A* 

Total   field at mill  - • 

Total field at peak  • • • ■ 

Distance between traaaalttar and 
peak poaltloo --------- 

Dlatance between trananlttar and 
null poaltion --------- 

l/Vg ■ 0.0589 (volt) 

1/Vp • 0.2188 (volt) 

Rp - 192 ft 

Rg ■ 228 ft 

-1 

Patb difference between direct and 
ground-reflected rajra fro« the 
tranaalt tar at tbe null poaltion - - -  A ■ 38 ft 

Patb difference between direct and 
ground-reflected ray« froa tbe 
tranaaltter at tbe peak poaltlou Bp - 58 ft 

Since tbe ayatea efficiency and tbe vertical pattern« of tbe probe 

and trat-saltting antenna were conatant for tbe other anglea of incidence, 

we have 

\W - «,(22.5-) x ^2^ (M) 
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which takes Into accounl diff«r«nt ■  for dlff«r«nt «nfl«» of incld«nc«. 
o 

Henc«, 

1      i(» - 60 ft) 

and this Is plotted In Fig. 4. This is consid«r«d s «or« accurst« aathod 

for dataralnln« T.  than that uaad by Staala [Raf. 6]. 

Por vertical polarisation, a dlffarant aathod waa usad to dataraln« 

I  and F .  Sine« th« gain of tha prob« waa dlffarant for diract and 

ground-r«fl«ct«d rays, tha above fonwlaa could not b« applied.  Further- 

■ore, the r«fl«ction co«ffici«nt of th« ground for vertical polarisation, 

R  .  ia a function of angle of incidence.  Steel« [R«f. 6] took advantage 

of thia fact when determining the I'a for vertical polarisation. Since 

exactly the mmmm  location and experiaental apparatus wer« uaed for this 

experiment, reference waa «ade to th« I  values, and corresponding l/v 

(w ■ 00 ft) which Steel« obtained for each angle of incidence when nea- 

auring dipolea at the assw target poaltion aa the wall. The data employed 

were aiailar to those shown by Steel« [tof. 6, p. 19]. Aa bafor«, 

A IjU) 
■Jt)»1  (»•) v 

i(w - 60 ft) 

F  for vertical polarisation ia alao plotted in Pig. 4. 

Using the ssme method, P  was found for another eat of data taken 

about the SSSM time, snd close correspondence was found.  However, s timm 

lapae of several weeks occurred between those sets and the sets taken for 

the walls. As s reault, the wall data experienced gain drift due to much 

larger ambient temperature variations between 6:30 a.m. and 10*00 a.m. 

Therefore, it waa not possible to aaauma s constant standard reading over 

a day (aa waa verified) snd hence the F *■ could not be checked with 

the Ister data.  It ahould be noted, however, that since esch set of dsts 

waa taken in approximately 15 minute«, any temperature drift occurring 

during this time waa negligible. Moat of the time was spent in reorgsnizlng 

the experiment for e^cb angle of incidence; hence, during these times, 

ovmrall tempersture changes were greatest. 
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Proa tb« plot« of P(v), I (♦) *u obtained for «acb sot of data. 
100 

Hanca, fro« tb« value« for I  ,  croaa aactlons wara obtalnad aa «an- 

tlonad. 

Bafora tba raaulta ara diacuaaad, it vould ba approprlata to iovaatl- 

gata factora cootributlog to axparlaant«! Inaccuracy.  Por tba axparlaantal 

aatup uiad, tbara ara fcur causa« of arror; aatar acala Inaccuracy and 

■iaplacaaant or alaallgnaant of tba pruba; arrora In dataralnlnc I  ualn« 

tba «bova P factora; tba proba Una not follovin« tba ctrract patb; and 

obliquity affacta cauaad by takln« raadlng« too cloaa to tba targat. Tbaaa 

will ba diacuaaad In tba aaaa ordar balo*. 

Tba flrat aourca of arror «aa axplorad by Staala and Barnua [ftef. 4]. 

It «aa found tbat an arror of «0.05 db in  total «aaaurad flald valuaa «ould 

ba an axpactad «axlnu«. An Uluatratlon of tbia «ay ba aaan In Pic. S «bare 

00M 

00M 

00J4 

00» 

oott - 

00» 
100 «0 •0 70 «0 

HomiONTA«. HMOC mom TMQCT ■IHI 

« 

PI0. 5.  TYPICAL "BACKOROUHD" PIELD VARIATION. 

« typical "background" flald la plottad.  By in«artinx tb)■ arrrr into 

tha crosa-aaction fcraula, ona find« that tba arror in croaa «action la 

given by 
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wb«r* r  la lb« dlstaac« In f««t fro« th« target at which E  la aaa- 
o a 

aurad. Sine* r  *aa about 60 ft, tha Mt— axpactad parcantaga arrcr 

ta about ito/jj    parcant. Bowavor, alnca thaa* orr^r* occurrod randoaly, 

thoy vara raadlljr apparant, and tha ataadlnc-vava vurvoa wra aaoothod ovor 
100 

■ccordiocl).  Purthvranra, tha graphical aathod uaad im d«i«ntlna E 

tond« to ■laimlsa thla error. Hone« an error in croaa section of parhapt 

tl5/^ j- percent night be expected. The error it ■ functior of the nea- 

aured croaa aectfon since for annll croaa aactions the errors uay hsve 

aeplitudaa as great aa the atanding wave. Likeviae, for Isrge croaa aac- 

tions, errors are negligible coepsred to atandlng-vsve aagnttudea at r ■ 

60 ft. This eraentially accounts for error» in determining E 

For horiacntsl polsrisstion, the computed '.'s, using P , are auch 

s»re accurate than found previously [lef. 6], especially for the larger an- 

glea of elevation. Perhaps tS-percent error exists in determining B for 

hnrlxovtal and verticsl polsrisstion using the P fnctors. 

The probe line asy have been t*a off the correct sngle-of-incidence 

path.  Reference to «etsel'a formulae i- Chapter II suggeet« that sn error 

in cross section of pei-hsps tl percent eould remit. 

If nessurement» «re taken too close to the target, a negstlve error 

vlll occui for both polsrisatlons due to horlsontsl obliquity. Por s 20- 

ft-wide well, at r ■ 60 ft,  the reflected wsves from the verticsl edges 
*     o      * 

of the well isg those fron the center by B.S*. The effect is identical to 

obliquity errors occurring In free-apace cross-section nessurement [Bef. 4, 

p. S ; Steele end Bsrnua deduced that cross sections of Isrge tsrgets would 

be perhsps 10 percent too low.  Since the walls are smsller lhan the tsrgets 

which they measured, perhaps an error of -5 percent exists due to horlxontal 

obliquity; the error is slightly greater for horlxontal polarleat ton due to 

the probe's gain psttern. 

Also st close ranges, there will be sn error csused by the scsttered 

field's nonconatsnt phase variation with range.  In other words, when fsr 

enough from the tsrget, the scsttered field drops off ss 1'r,  snd the 

phase difference between direct and ground-reflected rays reredisted from 
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th« targat t»  • constant.  Th« «ffact at cloa« rancas r  vtll bm  dif- 
o 

farent for horltontal and vantcal polarisation dua to tha dlffarant ra- 

apactlva ground raflactlon coaftIciants. 

Tha analyala la fairly ■iralghtforward for horlsontal polarisation 

Suppoaa that a cartaln (aaall) orror aay ba tolaratad; th« raqutrad dla- 

tanca froa tha target baco—a saallar as tha targat balght and ground- 

raflactlon coafftctam dacraaaa and tha angla of incldanca Incraaaaa  In 

ordar to obtain a aaxlaua llait for thia arror. it vaa aaauaad that tha 

ground-raflactlon coaffIciant aas alaaya -1 and that tha targat acaltorad 

In aqual aagnltudaa toward tha proba and tha ground.  Tha rasults ara dl- 

ractly applicabla to a horlsontal sagaant of tha targat, alth •■all var- 

tical axtant, locatad a halght h  off tha grovod. Tha laa .if coalo'ia 

was appllad to dataralna tha raaultaat acattarad fiald. Dafina P aa 

tha ratio of actual acattarad fiald to tha valua which would axlat If tha 

phaaa aara constant with dlataaca (Fig. 6). Than P is glvan by [Raf. 10, 

P. ■ll) 

r 

P-—• 
r 

lia I 0 x r 
r ■♦ a 
o 

■&•*)■;£-»".-.; 
^ 

(is) 

1 - cos 

where 

a ■ r cos t 

Tha arror in croaa aaction is siaply -100 M P parcant,  which indlcstas 

thst aaaauiad croas aactlona for horlsontal polsrisstlon ara alaaya lo« 

by thia parcaataga. Assuatn« as bafora that r ■ 60 ft was usad as tha 

point for oataraining I  (than astrfpolatad to r ■ 100 ft), tha par- 

cantaga arror aas pi ; tad vs targat halght in Pig. 7 for anglaa of 
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TWKi€T 

riO.   «.     RAY DIAGRAM POR   PHASE-ERROR 
TARCTT AND PROBE POSITIONS RtLATIVB TO 

OrMER. 

SHORIRG 
ORTlm)  Mdi 

} 

PIO. 7.  MAXIMUM OBLIQUITY ERROR VS WALL HEIGHT POR 
DIPPBRBNT ANGLES OP INCIDENCE. 
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IncldMc« of S* aad SO*. Sine« th* targets •«toodod ov«r all balghts up 

to ih« aajtlaua bolgbt for tbo vail, an "affacliva" balfht aust ba aatl- 

■atad. stnea tb» actual incidant radiation Is graataat for tba upparaoat 

parta of tba targats (for our targat aastaua balgbtt), aa aatlaata In 

croaa-aactloo arror aajr ba obtaload fro« ihm  flgura. for targat bal«bt« 

of 10 ft, tb« arror It parbapa -2 parcant; for I5-ft targata, -S parcant; 

and parbapa -a parcaat for SO-ft targata. 

A alailar aaaljrals for vortical polarlaatlon It difficult. No««v«r( 

It «111 b« worthwhile to dataralna «b«tb«r tb« arror In croaa «action «ay 

ba aspactad to tn  poaltiva or aagatlva at a particular /ingla of Incidaoca. 

It nuat ba pointad out *bat tbla arror caaoo* nacaaaarlly b« dataralnad 

fro« tba plota of I va r. A poaltlva arror «hlch dacraaaaa ovar a (par- 

bapa •«•n/ raaga of r «111 cauaa aa ■  rang« d«p«nd«nca faatar than 

l/r; llkavlaa, a aagatlva arror «bleb Incraaaaa «Itb rang« «ill cauaa ha 

aaaa affact. Vbicbavar affact oceura, It la difficult to lafar tba arror 

iltuda fro« tba aapartaantal plota, «apaclally «baa croaa aactlona ara 

il (in light of otbar axparlaantal «rrora). 

Aaaua« an "«ffvctlv« balgbt" of tba vartical targat «bleb acattara 

a dlract ray and a ground-raf lac tad ray to tba proba. »h«o tb« «it. j~ 

raflac'ad rajr ia abova tba Pra«at«r aagl«, cooatructiva lntarfar«nca «111 

occur; llbav^a«, d«itructlv« lniarfar«nca «111 occur balo« iha ttrawiitvr 

angl«; It «aa found that tb« Bravatar aagla la 14* for tba tarraln [Raf 

S. p. SO}  Plnally, tba proba and «all pattarn «alna «111 affact tb« 

■agnitudaa of tba ground •nd dlract rajra. Tba diacuaalon nay ba facll- 

Itatad by conaldaring too apaclal caaaa: t « S* and t ■ 20*, Again, 

•aauaa that r ■ 60 ft la uaad aa tba rafaranca point for E  axtrap- 
o a 

olatlon to far raagaa (tba arrora «ill ba tba taaa for r a 100 ft). 

Aaauaa an affactlva «all balgbt of 10 ft. 

At t « 20*. «h«n .ha prob« la lo tt«d at r ,  tha ground-raflact«d 

ray aakaa an angla of 28.4* «Itb th« «round; thta angla d«cr«aa«a to 2ü* 

whan tha prob« la far fro« tba targat.  Slnca tha path dlffaranca batwawn 

th« two raya fron tba targat la alaaya laaa than l/4 «avalangtb. dacraaa- 

Ing conatructiva intarfaranca «111 occur aa on« procaadr ««ay fro« tha 

targat on tha proba Una. Tbla cauaaa a poaUtva arror.  Hnwavar, clota 

to tba targat tba proba ami «all pattarn galna tand to dlacrtalnata agalnat 
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both rays.     Sine« conatmctlv« lnt*rf«r«nc« occur« far out,  a aagat I v 

«rror la alao tntroducad at    r    ■ 60 ft. o 
At ♦ ■ 5*  tb« ground-raflactad ray aakaa an aagla of 14.3^ vltb 

tba (round; tbla dacraaaaa to S* far out. At 5*. tba raflactlon coaffl- 

clant of tba ground la naar -1, and at 14* It la naar aaro  Far out, 

larga daatructlva tntarfaranca wilt occur, alnca tb« target »• oot vary 

high (tba patb dlffaranca bataaan raya la anall): bovavar, at r  aaaan- 

tlallr only tba dtract ray aslata. Hanca a largar poaitlva arror axlata 

at loaar anglaa  Slnca for tbla caaa tb« ground-raflactad ray la aagll- 

glbl« at r ■ 60 ft,  and slnca tha angla that tba dlract ray nakaa vltb 
o 

tb« prob« 1« about tba aaaa far out, tbara ar« nagllglbl« arror» cauaad 

by vail and proba gain pattarna. 

On« «ay concluda tbat arror» »ill ba vora poaltlva for vartlcal po- 

larisation at lovar snglaa of Incldanca a« polntad out by 8t««l« [ll«f. 6, 

p. 17]. Moraovor, tbaaa arror» «ay ba graatar for lovar vail halghta. 

alnca graatar daatructlva tntarfaranca occur» for larga r aa a raault 

of d«craaaad patb dlffaranca batvaan ground and dtract rays 

Tba tranaatttar vaa far anougb fro« tba tsrgat ao tbat plana-vava 

llluatnatlon could ba aaauaad [laf. If). 

Target naar-flald affacts vara naglactad. 

Total «rrora In aaasurlng a cross »action ara tbarafora about 

(•(10 • IS/yiO-s) parcant plus arrors dua to a pbaaa-varylng scattarad 

flald. 8ava for tba lattar, spproxtnataly tba aasw arrors nsy ba axpactad 

for tba aaaauraaant of fr«a-apaca cross sactlons. 

For a • S a2,  tbla glvaa a r»ng<« of about *4  to -16 parcant arror 

plu» pbaaa change arror.  The pbaaa arror Is »bout -S parcant for borl- 

sontal polarisation, la poaltlva (parbapa »100 parcant or aora) for vary 

low angla vartlcal polarisation, and ts parhapa nagllglbla for vartlcal 

polarisation at 20* angla of Incldanca dua to tba balance of poaltlva and 

negative errors  Tba croaa-aactlon raaulta vlM ba trastad accordingly, 

In Chaptar Vft, by placing arrow» on the appropriate data point» to In- 

dicate tba direction In which the neaaurad cross sactlons should ba aovad. 
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ELECTRICAL CGNSTAXTS  OT «ALL 

The dl«il«ctric constant and conductl/itjr of the vail aatarlal war« 

■aaaurad ualog a capacltor-<) tacbolqua. A dravln« of tha axparlaant la 

Bbmm In fig.  8.    Tha capacitor «aa couatructad fro« 3/32-ln.   altmlnua 

•"  ■• 

je^Z 

t 

*St 

s^ 
VM* 

v*f' 

«OO0(M 

COL 

•a MOO« 

VOlTMfTt« 

PlO. 8.  DRAVINO OT EXPERIHDfr USING CAPACITOR-Q TECHNIQUE. 

•haata and aaaaurad 3 ft by 4 ft. Two placaa of 8-ln.-lonc haavy «Ira 

wara coanactad to tha cornara of the «haata for aaaauraaant purpose«. 

Values were aaaaurad for both »at and dry blocke, with and without vertical 

aetal (supporting) rods Inserted. The blocks «ere «attad by succaaalva 

dunking In a clean «atar bath. Tha degree of total «atar paraaation la 

expected to closely approxlaata that for tha caaaa of backacattar aeaaura- 

■ent for the following raaaona: (l) The blocks «are exposed to the «atar 

for las« tlaa than for tha «et «alls aaaaurad (rig. 3); however, «atar 

paraaatad the blocke' Interiors aa «all; (2) drying of the blocks «as slo«, 

and therefore tlaa «aa not an laportant factor. Tha aetal rode «are bundle« 

of thoaa uaed In conatructlon of auch «alia and «are spaced about 2.S ft 

apart--BRich cloaer than Ir. actual building«.  Por all caaae, the plataa 

«are covered «1th a «atartlght plastic Jacket to allalnat? leakage current«. 

The procedure for obtaining tha dielectric constant« Is set forth In 

the paragraphs below. 

The capacitance of the plataa «aa aaaaurad «1th a Boonton Q-aater at 

approxlaately 7 MHx, «1th and without block« inaerted; the circuit la 
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•hovn in Flg. ». Thm  dl«l«ctrlc constant Is dsftnsd by C - rCo, wbsr« 

C Is ihs cspscltsnc« of tb« plstss,     Is tho rslstlvs dlslsctrlc con- 

stant of tb« aatanal, and C  ia lbs fraa-apaco capacltanca  Valuaa 

obtalnad ara abovn In Tabla 2; ^r - 2.0 and 4.0 for dry and »at blocka. 

raapactivaly. vltb or vltbout natal roda.  Nota tbat tba tranafar function 

of tba circuit [aaa lq. (22)] fl\aa 

^m 

0 at u. ■ u. 
y^s 

(1») 

«bar« (L. rapraaanta tba total capacltanca praaant In tba circuit. Hanca 

tbara ara no arrora praaant in datamlnlng tba capacltanca of tba plataa 

upon inaartlon of C and ratuming of tba circuit (altbougb «^ la naarly 

inflnlta »ban only C_ ,  tba Q-natar C,  la praaant). Tbara la a anall 

arror dua to tba capacltanca of tba laada connactad to tba voltnatar; 

bovavar, tbla »aa anall anougb to ba naglactad. 

PIC \'.     CIRCUIT DIAGRAM OF CAPACITOR-Q TECHMIQl'E. 

TABI^ 2.  VALUES (WTAIKKD FOR CALCULATIHO €       lÄlRO 
THE CAPACITOR-Q TKHHIQfF 

«all 
Conditlona 

co 
(Pf) (pf) 

CQ. 
(Pf) 

C 

(Pf) 
r 

Dry, no natal roda 116 332 99 233 2.0 

Dry, »Itb natal rods 116 332 98 234 2.0 

Wat, no natal roda 116 496 30 466 4.0 

«at, vltb natal roda 116 j*h 30 4S6 4.0 
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Thm  conductivity vas aaasurml •• follovs. The Q of tb« capacitor 

la rwlatad to tha total raalttanca of tba aatarlal by   Q > ■ uC,    whara 

R  la •qulvalantljr In parallel with C. Hence ■ > q/uc    and R • - j 

«bara a    la tba conductivity, d tba tblcknaaa of tba wall, and A tba 

croaa-aactlonal area.  Hence 

o ■ 
0.182 < C ■bo/aatar (20) 

»bara 0.182 takes Into account tba dl«analona of tba capacitor. 

Rafarnog to tba circuit of Flf. 9,   tba voltafa aacnltuda of tba gan- 

arator, V , »aa bapt conataot. Tba frequency of V  »as ralaad (or 

lovared) until tba voltage V  across tba capacitor «as 0.707 « V 
c CO 

V  ■ 1 «aa tba aldband voltage value. Tbla voltaca «aa aaasured «itb an 
CO 

HP-3400A voltaatar «bleb hmn  lO-aagobB Input lapadanca, snail Input ca- 

pacltanca, abort laada, and a bandaldtb of 10 mm.    Tba upper and lower 

3-db cutoff frequencies,  f  and f.,  and tba canter frequency f 

«era recorded.  In tbla caaa Q / tj^i-    Tba circuit for «bleb tbla 

applies la abovn In fig. 10. 

PIG. 10.  CIRCUIT DIAGRAM FOR PROPER 
I.VTERPRCTATIOK OP BAHTRriDTH-G 
RELATIORSHIPS. 

The transfer function of tbls circuit la 

u> ■ T. 
^I     (i - Ju^) ♦ (A2/RJ)     l 

(21) 

Hnwaver, tba transfer function of our circuit la 
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I» 2 
c 

V 
I C (i - Ju^)21 ÜSFjSfr 'T2 

A plot of relativ« aaenttud« va ralatlva fractional datuniag is glvan in 

Raf 13, p. 201.  (Thla la a noraallsad plot taraad tba "univaraal raao- 

nanca curva" and appllaa to tba tranafar function ^T.) Sine« ^T ■ ul^T, 

»a «ay adjust our ralatlva voltafa «agnltuoaa of 0.707 at f  and f 

accordingly and thane« obtain tba quantity a ■ Q.((f - f
0^'

f
0  diractly 

fro« tb« grapb («b«r« Q ia tba "indicstad" Q of tb« circuit). D«not« 

"actual" «agnltudaa by V,  and V   for /TI ,  and by fj and v^ 

for yrl. Tban 

'l 'l fu 
v/o ■v/x r -0-707 x r     'nd     vuo ■0-707 x r 

o o o 

Rafaranca to tb« plot glv«a a  and a. at fu and f ,  raap«ctlv«ly— 

th«nc« giving Q . Oving to probable atray wiring capacitance ami capacitor 

radiation, 0  differed at tba upper and lover points--the average vaa 

taken aa a best approsination.  Finally, ainca tbe Q-eeter capacitance vaa 

alao present in tbe circuit, we Modify tbe Q * a obtained by tbe ratio of 

plate to total capacitance, according to ^ ■ ^ x c/Qj,, vbere 0^ rep- 

reaenta "actual" Q  Tbe Q's for tbe capacitor were ao lov tbat tbere were 

no errors due to finite Q's of the work coll and Q-««t«r capacitor.  Re- 

aulta for thla experteent, together vltb tbe calculated j's.  are shown 

in Table 3. 

With regard to tbe reflection coefficient of tbe vail, a* la auffl- 

clently larger tban a for both tbe vet and dry valla to enable negier» 

of tbe errora aeen above due to the range in Q for upper and lover value 

frequencies. The swtbod for obtaining e  la considered fairly accurate 

in light of aforementioned considerstiona 

Tbe above-obtained valuea for a and e  give 

c 
re 

2 - 10.916 dry vail 

(23) 

4 - 11.74 vet vail 
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TABLE 3      VAUES OBTAIXU) ro« CALCULATING    ff    Ü8IMG THE 
CAPACITQII-Q TBC8XIQUE 

«all 
Conditions 

f 
f 

(««) 

f o 
• • a u 

Avarsff« 
Ql 

Q. 
a 

(abo/a) 

Dry,  no antnl   rod« 

Dry,  with Beta'   rods 

»•t,  no nstal  rods 

«•t, vlth astnl  rods 

5.91 

5.91 

3.20 

3.20 

6.30 

6.30 

5.30 

5.30 

6.59 

6.59 

6.36 

6.32 

-0.6 

Sans 

-1.10 

♦0.43 9.52 s,ti 2.51(10)'4 

♦0.35 2.28 2.14 1.32(10)"3 

Aftar insartlon of    c,^    in tba fonwls for    Rw,     tbara rasults    *,(|) ■ 

0.075 (dry wall)  and    R^^) • 0.192 (wst «all).    Nota that  tha aatal 

supporttn* rods did not  affact   thasa vsluaa. 

It aust ba notad that tha blocks wara not actually solid,  but con- 

tslnad bolas which constltutad spproxiaataly ona-hslf  tha wall voluas. 

Although thasa holas ara vary auch sasllar  than a «avelangth,   tha ra- 

flection coafficiant of  tha «all  should b« sasllar  than  that  for a solid 

«all.    Hoaavar,   tha cspacitor aaasuring techniqua «ould also indlcsta da- 

c  aasad    •       and    9.    Tharafora,  it «ill ba sssuaad  thst  the rsf'.action 

coafficiant error is ninlasl  as s result of  tha internal  gaoaetry of  the 

blocks. 

Finally,   nof)  that  the electrical  constants «ere neaaured  at  about 

6 MHz,   rather  than 26 Mis.    This «ss done  to decresse cspscltor rsdistion 

«ml  it  is  therefore sssuaed  that    ?    and    c       are the ssate at both 
r 

frequenciea. 
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VI.  FRZE-SPACE RESULTS 

Pr»«-apac« cross ••ctlons wmrc  obtained in ord«r to investigate tb« 

degree of applicability of pbyaical optics tbeory to cross-section aea- 

sureeent. As Bentiooed prevloualy, Steele and Bamue .Ref. 4. bad firat 

adapted tbe probe ayatea to these eeasureeents. (Rring to close correspon- 

dence wltb Blcroeave results, tbe Method la cooaidered accurate to «tthin 

10 to 20 percent (aee Chapter IV). The vail aisea aeasured are shown in 

Table 4. 

TABLE 4.  FREE-SPACE RESULTS FOR VERTICAL POLARIZATION 

«all Sise 
Height x 
Width 

Wall Area 

c2) 
B/IL 

do)"3 
Grounded Insulated 

(.') 

Rw 
ffBo 

C2) 

10 K 10 
Dry 

9.27 2.035 7.84 3.47 0.075 0.045 

10 x 10 
Dry 
chicken wire 

8.27 38.8 149.5 66.2 
1.0 

(0.328) 
8.06 
(0.862) 

10 x 20 
Dry 

18.54 3.85 14.82 6.56 0.075 0.181 

10 v 20 
Wet 

18.54 13.3 51.3 22.7 0.192 1.19 

20 x 20 
Dry 

37.08 6.07 23.4 10.35 0.075 0.721 

The experieent consisted of aessuring the standing wavea in front of 

a c. illuminated target at a very low angle of incidence. The transeit- 

ting antenna waa placed on a 10-ft wooden aast, and the center of the prnbe 

«as Mounted on a self-supporting stsnd, 8 ft high, on which tbe teleaetering 

antenna waa fastened.  The value of l/V waa recorded at 2.5-ft intervals, 

and theae values were plotted va w, aa before [Ref. 4). The nethoa wa*» 

not applicable for horizontal polarisation aince the vertical diaensions 

of the borisontsl tsrget were so large. Resulta were obtained for vertical 

polarisation, however, aa outlined below. 
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Aa before, en ■a«uaed backfround field was sketched In aaong the 

•tandlng-wave perturbation»  Values of I  were then extracted froa the 

plot by  aeaaurlnc the difference between the actual and the background 

field varlationa at the peak» and nulla. I  «aa ther plotted va •, and 

a range dependence very almllar to that exhibited by the "atandard curve 

for vertical polarisation" (Ref. i] waa found.  Proa thl*,  E {» ■ 30 ft) 

waa found  By extrapolation of the background curve to w ■ 0, g  vaa 

deteralned  Hence the quantity B- ij0/^ 2 waa calculated  On the 

aaae type of terrain, an "lllualnatlon factor," I , had been plotted va 

target height for a tranaaltter-target aeparatlon of 300 ft [Ref. 4|.  I 

aa a function of target height takea Into account the nonunlforalty of 

target lllualnatlon caused by ground ray cancellation and hence vaa de- 

teralned for each target height  Proa this, the "relative croaa aectlon" 

B/I  vaa deteralned.  B/l  la "elated to the actual free-apace croaa 

aectlon by a factor s defined by a ■ SB/I .  Por vel 1-grounded targets, 
3 a 

8 ■ 1.703 x 10 ; for targets insulsted froa the ground,  S ■ 3.S4 < 10 

It should be noted thst the 8 specification la valid alnco reaulta ob- 

tained by Steele for a grounded quarter-vave aonopole and a half-vave in- 

aulated dlpole ahoved cloae correapondence at higher anglea of Incidence 

(Ref. 6, Pig. 6] — the alnor deviation» vere due to Increased obliquity 

affects for the hslf-vsve target, and poaalble variations tn vertlcsl re- 

radiatlon pattern vith distance  Calculated results for both esses sre 

ahovn in Table 4. 

Since the vail vas aounted In concrete only 2 ft deep, and alnce the 

conductivity of ceaent vas found to be quite saall, it ia suggested that 

the vail vaa effectively inaulated froa the ground.  Steele and Darnua 

[Ref. 4] aeaaured the free-apace croaa aectlon of an ^lualnua street leap 

and an antenna aaat; although theae argeta vere aounted In concrete, they 

vere alao considered to be Insulsted. Hovever, as vss shown by Steele end 

Bamua for an alualnua aast, even vhen auch a target barely touches the 

ground, the croaa section changes (and hence ao doea 8). This vaa teraed 

the "poorly grounded caae," and above Just how ambiguous the tera "ground- 

ing" can be. We could, therefore, eutlaate the free-spsce cross sections 

ss lying soaevhere in betveen the two extreae caaea calculated In Table 4. 
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This will not b« dona («von mm  It «as not done for the street leap end 

antenna east, Ref. 4) in vie« of the reeulta discussed belov. 

Vetsel has suggested [ftef. 7] that If kh > 3 (vertical polarisation), 

where k ■ 2%/\ and h la the height of the wall, we nay apply geoastricsl 

optics to obtain the cross section st normal incidence.  The foraula is 

4'A' 

Bo 

where A      is the physical  area of the wall .T IW- 

(24) 

was calculated for each 

sice wall aeasured,   and the results are also included in Table 4. 

The ratio of    a (lnsulsted)/a        is plotted vs the ares of the wall 

in Pig.   11 on log-log scales.     It was found that  all  the points fell on the 

curve drawn,  except for the chicken-wire-covered well.    However,   it wss 

assur-'d thst    R    ■ 1    for the chicken wire.     If this value is changed to 

50 t • 10 to 

«ALL AMC* («*) 

PIG.   11       PLOT OP    agf INSULATED)/aBotTRHKY)     IN PREF 
SPACE VS AREA OP «ALL. 

100 
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Rw m  0.328 («hieb •••■« «onevhat low), the point th«r fall« near the 10- 

by 10-ft dry wail caa«, whl h It ahould (if the aaaa theory It eppllcable,. 

Note that It appears that croa« aectlone are approxluately proportional to 

«all area, rather than (area) , for «alls «here kh < 3 (approxleateiy). 

It is eneouraglng to find that an aajntptotle value near ff»/«?,. ■ 1 

la indicated for large «alls.  This Indication «111 be strengthened In the 

next chapter »hen the (ernse aecttin)/(theory) ratio Is plotted vs kh 

for both the free-space cd angle-of-Incidence aessureaents. Du respond 

to theory Is then Indicated for kh •• 4 or 5; It appears, therefore, that 

the Steele-Barrua technique is accurate to a good degree. Aasualng thst 

this la so, one should consider the «nils to be Insulated.  If they «ere 

not, the plotr vs kh would »how thst »he correct aayaptotte vaiue of 

;,j'J,w, 
a * «ould be indicated by «alls (in free space) larger than thoae 

required to yield the aaae experlaent-theory correspondence st different 

angles of incidence. 
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VII.  RESIXTS AT OIITEREVT AJIGLES Of IMriDDCS 

Cross ••ctloas at an«!** of Incidsoc* rsagla« bstvswi t.S* to 22.5* 

«or« obtain«! for wall alsoa ranctnc fro« S ft btfb and 10 ft «id«, to 20 

ft high and 2n ft «Id«.  Th«a« r«auHa ar« p!ott«d In Pig. I2a-J: V«ts«l*a 

theory {mmm  Chapt«r II) la also plottad. 

Th« .-«avlt» for vortical polarlaatlo« ar« afeova la Pig. ISa-h (tb» 

ftgur«a ar« liat«d in order of lucroaalor «all ar«a). M«a»ur«d crota 

a«ctloaa agr«« b«at «1th th« tboorjr for tb« largar «alia and for angina 

of tncldonc« b«tv««o 10* and 30*; cross sections for aaallor «alls »«re 

««11 abov« tb« tlMory for all anglaa of Incldonc«.  Tbm nonagra«—nt la 

largsljr du« to tb« inapplicability of UM tbnory, and «lU b« «splor«d In 

a ■onsnt. got« first tbst s pronouncod kn«« •ff«ct [••fa. 2,3,6 do«a not 

occur for aoat of tb« caasa, «««n t.<ougb It la pr«dtct«d b\ tb« tbaory. 

M«>««v«r, on« do«a not« a t«nd«ncy for d«cr«a»«d lo«-angl« acattar for tb« 

largar «alia. Actually, any spparsnt abaanc« of tb« kn«« la probably du« 

to «sp«rl««ntal «rror, aa dlacuaaad in Chaptar IV. According to tbat anal- 

yala, on« abould drop tb« •xp«rl««nt&l point a occu-. ring b«lo« ♦ ■ IS*  by 

parbap» 3 db or nor«. Alao, aa tb« «all area is  «ad« ansllar. th«»« points 

»bould b« dropp«d nor«; It la difficult to ^«tamln« tb« «xact aawiunt of 

tb« drop, but < n« nlgbt b« guld«d by tb« abapaa of tb« tbaorotlcal curvaa 

and plac« tb« «xp«rln«ntal point» on a Una parallol to tb« theory.  (Por 

tb« largar «a.l». tbla practlc« la v«rlfl«d aftar noting alnllar •xp«ri- 

•«nt-th«ory curv« abapaa for borlsontal polarisation--«.g., Pig. 12j. Hoa- 

«v«r, aa It la difficult to apply any tbaory to tba anallar «alia, on« 

cannot adjuat tb« data point» atrlctly in tba abovs faablon.) hots that 

point» for t • 20*  abould not b« droppod, «xc«pt parbap» 1 or 2 db for 

tb« 5- and 10-ft high «alia; for tbaa« «all balght« tba poaltlva «rror» 

«111 b« graatar, «v«n for t ■ 20*. Mor«ov«r, nagatlva «rrora cauaad by 

borlxoatal obliquity «ill b« nagllglbl« for the 10-ft-«ld« «alia, alnca 

tba «av«a fron tb« vartlcai «all adga» are only about 4* out of phaa« «1th 

thoaa fro« tba c«nt«r.  In light of thaaa raqulrad data adjuatamta. It la 

th«r«for« v«ry probabla tbat the kn«« «ff«ct doaa occur, aa predicted by 

tb« th«ory. 

Plgur« 12b aboaa tb« croaa aactlon» for tba 10- by 10-ft dry «all 
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»• bf 10'tt  dry mt| vertical 
pclarisatkvii b.  10- by 10-ft dry and chlcltvn- 

*ir«-cov«r«d Mil] vertical 
polarlcatlun 

f.  15- by ».ft *vt »all  vartlcal 
pol an cat ion 

:- 

i 

"" 

I- 

* -*    •- 

t.  20- by 2ü-ft dry w.H; vertical  h 
polaricatlun 

/ 



-•       -4 

— • 

- r- 
i 

*—«—ft—*—*    •• 1 ft ft ft ft ft ft • 
«ML« 9 

dry vail «uh and      a,     10-  bjr JO-ft »»t wall; ««rtlcal      «.    15» bjr 10-ft dry vail:  vorttcal 
rods,  varural polarttatlon polarlaatioa 

I' 
I 

I ft ft ft ft 

rat vail;  vertical    l. 

tr^t ft ft ft ft ft—* ^i >       ft      ft      ft       • 
• ■ . 

20-  by 20*ft dry vail;  horlsor.tal J.    20- by JO-ft vat vail.   horitontU 
polarlcatlon polar!  atlon 

riO.   12.     CROSS  SKTIOiO  \*S  ASQIS. Of  IJCIDCMCE  fOi  VARH^'S 
SIZJ>  AHD aKtÜlTlOKS OP «ALLS COWARD TO  THH>RY. 
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>«r«d  to  th«  r«sulit  for  tb«  »mmm vail   cnv»r*d will» chlck*n wir«.     Th« 

th«or«tlcal curv« for tb« chick«n-«ir« CM« •■SUM»  that    R    • 0.32»,   u» 

d«rlv«d in fr««-sp«c« ■•••urvMnt.    As «ill b« »««ti fro« tb« r««ult* for 

borltont«!  polmrlxatloa,   tbls v«lu« •««■• • littl« low;  furtb«raor«.  cross 

ssctloos d«vlst« fro» tb«ory for both emit» by sbout  tb« «•■« Mount. 

Tb«r«for«,   It  sgaln S««M probsbl« tbst  tb« «^ (tb« dry vslTs inflection 

co«fflcl«nt)  is also lo«.     In any ess«,  r«sults st    t ■ 20*    ar« aoat  ac- 

curat«,  and at  tbia aofl« tb« chicken vlr« increased tb« 10- by  lo-ft dry 

vail*« cross nactloa by s factor of 7.32, or 8.65 db. 

Plgur« 13c shows tb« cross ssctions for tb« lO-ft-blfb by 20-ft-wide 

dry «all coaparad to tb« rssults for tb« saM «all »1th four v«rtlcsl astsl 

"supportinf" rods  Inssrtsd every 6.3 ft.     Tb« shspes of  tb« curves ar« 

quit« dlsslallar sine« th« cross ssctlons for tb« dry «all ««r« quit« 

«■all,   and experlaental  errors ««r« therefor« Isrg« (s«« Cbaptar IV) 

In ligbt of tb««« errors it «ill b« «or« instructiv« to coapsr« tb« t«o 

caa«s st    f« 10*;   tb« «rror csussd by non-phss«-constsnt    I      should be 
s 

tb« SSM for tb« t»o casaa.    Tb« borisontal obliquity «rror abould be 

lant«r for tb« «etal   rod raa«,  bo««v«r,   alnc« tb« rods ar« tb« priaary 

aourc« of acatter,   and »0 p«rc«nt of tb« tarcat  is tb«refore concentratad 

at  the horlxon.ol  estreaitlea of  the 20-ft-«ide wall.    Nevertheleaa.   asaua« 

that   tb« errors are identical,  since the difference is probably not very 

large.     The wewal  rods than glv« sn incrsss« in cross ssction of sbout  2.7, 

or 4.3 db,  over  the dry wall without   tb« rods. 

Only  two curvss (fig.   131-j) were obtslned for borisontsl   polsrits- 

tion,   sinco It wss very difficult   to detect  any nonrando« perturbations 

in the backgmund field for tbia polarisation until   the 20- by 20-ft wall 

als« was r«acb«d (tb« IS- by 20-ft wall was not «assured).    Snail  cross 

ssctlons w«r« predlct«d by St««l«  (tofs.  6,11)  sad »etsel   (R«f.   7) for 

borisontsl  polsrlsstlon; baw«v«r,  rssults for sasllsr wslls, using vsrtlcsl 

polarisation,   show that cross ssctlons were auch higher  than predicted and 

it alght be expected that  the aaae would be true of horizontal  polarisation. 

To invaatigata tbia,  curvet for borisontal  polarixation (baaed on «etxel'a 

theory)  ar« shown in Pig.   13.    Ooapariso« of these theoretical curvea with 

those for vertical polarisation for the aaaller walls shows tbst cross 

sections for eagles of incidence to 20*  are considerably less thsn those 
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for vvrtical polarisation until the largar walls ara achiavad. Staala 

(ftaf. •] found thasa aaaa tandanclaa for a half-vara dlpola, aa abovn In 

Tabla S. Thla occurs slnca tba najor portion of Iliumnation on tba »all 

raacbad only Ita upparnoat parts--aa aaan In tba function of horizontal 

illumination factor.  Ih  (tof. 4, p. 21!.  In othar words, horlxoatsl 

croi, «actions Incraaaa vary rapidly «ith incraaaad varticsl davlstton» of 

acaitarara fror, saro balgbt fbaf. 11 j. Tbarafora, It la raaaonabla to 

pradlct that if actual croaa aactlona davlata fron tba tbaory for •■slier 

valla, tba tandancy vtll ba tba aaaa ar for vertical polarlsatlon--aa In- 

dlcatad la tba results for tba largest »sll--aftar taking into account 

experiaental errors (Chapter IV). 

Figures 121 and 12j indicate that randoe arrora In data reduction 

ara relstlvaly snsll, slnca tba data points ara parallel to aaootb curve». 

FIG. 13.  PlEDRETICAL CRUSH 
SECTIONS VS ANGLE OF 
INCIDENCE FOR SMALLEK 
■ALLS USING HDRI2DNTAL 
POLARIZATION. 

Referring to Pig. 12j and after taking into account tiie negative 

errors occurring for horlcontal polarisation, the theory Is closely real- 

ised for tba 20- by 20-ft «at «all. Hoeever, there are larger deviation» 
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TABLE  S.     COMPARISON OP SCATTER PROM A HALP-VAVE DIPOLE AJCD A 
20-   BY  20-PT DRY «ALL 

Targ«t 
Pr««-8pac« 

Cross Ssction 

Cross Ssction st  f >  10* 

Horizontal 
Polarisation 

Vertical 
Polarisation 

(-2) 

\/2 dipol« 118 
4  (h -     4 ft) 

20  (h -  12 ft) 
30 

20- by 20-ft 
dry «all 10.35 0.39 3.75 

fro» ths tbsory for ths 20- by 20-ft dry vail (Pig. 121), sspsclally for 

hlghsr angles of Incidence.  Rote tbat in Pig. 12f, cross sections for 

vertical polarisation realtxe tbe theory quite clossly for blgher angle* 

of incidence; furtheraore, for these angles, it vss seen thst errors csused 

by a non-pbsse-constsnt scsttered field were a ■ioiaua. Again, however, ve 

note thst «hen the ssae sis« «sll «ss dry, cross sections ««re higher than 

theory for the ssae sngle» of incidence (Fig. 12e). Pree-apace results 

gsve siallar experlaental deviations fro« the theory for the «sll «hieb 

«as «essured both ««t snd dry. Therefore it is suggested thst either 

R   is too large or R   is too •••11.  The letter seeas «ore likely, 
ww «d 

sine« the conductivity of tbe «et «aterial is higher snd therefore tbe 

boles in the bricks probsbly do not affect tbe reflection coefficient of 

tbe «et «alls as such. 

It «ill be of interest to coaosre «easured results to those predicted 

by theory, as «aa done for free-space cross sections. Ths sngle t for 

«hieb this coaparison should be asde aust be chosen in light of sll pos- 

sible errors in both theory and experiaent. Although phase errors it,    I 

are less st higher sngles, so are aost cross sections, snd hence experi- 

tsl errors are grester. The change in R  «ith sngle of incidence «ss 

lected; this error «ill be greatest st higher sngles of incidence. Also, 

t cannot be too sasP. since deviations froa tbe correct curve sbspe are 

even grester st t ■ 10*. Tbe coaparison «ill therefore be aade at , - 1 ■'> . 
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Plfur« 14« cbovs    JB(*xp«ria«nt)/jB(tb«ory)  v« kh    plotted on loc-lo« 

•calea for ♦ ■ IS*  and for tb« fr«*-*pac« «•«•urwMnts;    h    Is th« «all 

heicfat.     Thar« *r« four valu«« of kh,  corrospondlng to th« four dtfferant 

vail halghts.    The points occurring for «ach of  tbas« four vsluas »at« 

averagad and plot tad In Pig.   14b.    A straight  Una of bast  fit *ss drawn 

along thaaa points and «aa transferred to Pig.   14a for coaparlson.    The 

curve's a.op« la -3.S3;   If extrapolated.   It vould Interaect  th« ordtnst« 

JB(experlaent)/ffB(theory) ■ 1  at kh a S.    This curve »ay not be accurate 

near  this polnt--lndeed  the line only represents a first-order estlaatlon 

of  !<.•    kh    cross-section behavior. 

!: 

o» 

ot 

Tß MX Mut •»- 

Ot      0» w    <00 
Oi« 
0i     0<       OS 

••I 

«      10 «0     «0 

All  points 

PIG.   14.     GRAFN  OP 
Of  LOO-L0Q SCALES 

b.    Points averaged 

iM.trrrn a (BXPERIIOBfTj/ff (TWiOtY) V8 kh PLOTTE 
. Points are for free apace and «r ■ IS*. 

Rote (Pig. 14a) that the fr««-spsc« points fall above the line and 

■oat of the IS* points fall halo« the line. Alao note that if the «all 

«ere conaldered to be grounded, tbe free-space points «or.ld fall «v«n 

further avsy fro« th« line (hlgber)--tberefore, tbe sssuaptlon (Chspter 

VI) tbst the «all la insulated fro« the ground la again justified. 

It could be of future Interest to plot the points fro« Pig. 14a va 

tbe corresponding «all area, rather than kh,  aa «as done In Fig. 11. 

Therefore, •met  of the valuea for ffB(ejtperl««nt)/ffB(th«ory) ««r« plott«d 
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Vt thm wall  mrmm.    for mmch of  th« flv« vail  ar«u.   th««« valu«s »«rr 

•v«rac«d (M ID Pig.   14b),   and  ihm rnvmrfm *«• also plotted v» th« vail 

•r«« (Fl«.   IS).     Sine«  th«  th*or«ttcBl  cross ssctloos srs proportional   to 

(srss)  ,   and a Uns of bsst  fit  mmnng  ths points bss s slops of  -l.lt,   It 

suegsstsd  that  actual  croas asctlons ■■>  slso bs proportlonsl   to 

(arss)    for low    kb.    Tbis is probsbly s «ors sccursts sattast« than that 

galnsd fro« Pig.   11,  alncs aors data polnta ars involvsd  in Pig.   IS. 
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VIII.     BACXSCATTER PROM BUILDINGS AXD CITICS 

In tb« foilovtnc «nalyal« vertical  polarisation will  ba asauaad,  un- 

!«.«■ otbaralsa lodlcatad,  slnca cross «actions for the targats concamad 

vara vary auch laas for horizontal  polarlsstlon.    Furtbaraora,   the ancle 

of  incldanca    f    will ha aasuaad to ba IS* unlass otbaralsa specified, 

slnca reference will  be aaria to fig.   Mb.    The frequency Is as'uviad to ba 

25.9 Ms,   although st tlaas possible cross-section behsvlor aajr 'ja con- 

sidered at lower fraquenclaa. 

figure 16 ess taken froa previous work done by Sljale  [Ref.  6,  p.  26.. 

Cross sections obtained for the 20- by 20-ft vat vail  (both polarlsstlons) 

are also shown for coaparlsoo.     It Is Interesting to note thst  for lower 

angles of Incidence tb« croas aactloaa for the vail were higher than those 

for the tree.    Moreover    the knee effect for vertical polarisation is not 

sa pronounced for the vail,    for angles of  Incidence between 10* and 1S*( 

the vertical cross sections for the vail and tree vara about the at 
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Coaparlson of th« cross ••cclons obtalnwd for the 30- by  20-ft dry 

wall with thos« obtalnsd by Staala for a larg« oak traa abows that the 

tree's croaa section« were 1 to 2 db larger than the wall*a. 

Ko«, define an "avers««" wall to be 30 ft high and 60 ft wld«. At 

25.9 Ma, the theory was nearly applicable to the 20- by 20-ft wall, ao 

one way eatlmate the croaa aection of the 30- by 60-ft wall to be 13 db 

higher. 

Let ua now construct a building with four such walls. Aaaualng that 

this building la randomly oriented, Ita croaa aection will be about 3 db 

leaa thsn the average wali'a, for which the vertical plane of Incidence 

waa normal to the wall [lief. ?]. 

It will be rather difficult to define the dlnenalona of an average 

building, since, aa aeen above, the theory dowe not apply for buildings 

with heights aaaller than l/2 wavelength or ao; in fact, croaa sections 

are then even higher than predicted. Moreover, Wetael poln  out that 

the decrease In a building's croaa aection due to randne orientation la 

dependent upon Ita dlaenalooa—the 3-db decrease applies to buildings with 

dlwenslons of the order of a wavelength; larger buildlnga will tend to 

produce wore directive scatter, and hence will have aaaller relative 

croaa «actions when randomly oriented.  Let the average building be de- 

fined aa above, with the underatanding that woat houaea will be aaaller, 

but that apartaent complexes and noat "downtown" atructurea tend to be as 

big or, usually, larger. 

Next, conalder the effects of atmctural aupporta and chlcken-wlre- 

covered structures such aa plaater houaea and buildlnga.  It waa found 

that vertical aetal supporting roda added 4.3 db to a wall*a crr>»s aection. 

The chicken wire added S.fA  db to the 10- by 10-ft wall's croaa aection. 

Since thla waa aoat likely cauaed by an Increaae in reflection coefficient, 

the aaae figure would apply to any alae wall. Aaauae (conaervatlvely) that 

a S-db Increaae In a building*a croaa section occurs due to chlcken-wlre- 

covered atructurea and/or aetal aupporta uaed In construction. 

We hsve now arrived st the important (but aoeawhat spproxlnate) result 

thht a 6o-ft-square by 30-ft-hlgh, randoady oriented, dry oewent (average) 

building will have a croaa aection at 25.9 MHs (-2 ♦ 13 - 3 «- 5} > 13 db 

higher than the large oak tree wessured by Steele. Although »oat treea 
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ar« •Mdl^r than St«*!«*« tr—  [tof. 6], • tr«4t'a cross Met ton Increases 

roughly proportions! to (betgfat)  [tof. 4], and forested areas uaually 

contain a large proportion of trees larger than Steele'a tree. Therefore, 

assuee that the large oak tree eeaaured by Steele represents an "average" 

tree. Hence, an average building haa a cross section shout 13 db larger 

than an average tree at 2S.9 Mis. The reaulta obtained by Steele aad 

Barnue [Ref. 4, p. 46] ahov that the largest free-space cross section ob- 

tslned for s tree «aa approxleately 3 db larger than that for the tree 

■eaaured by Steele; It la believed that the tree with the larger croaa 

aectlon »aa cloae to a resonant length and therefore represents one of the 

largest cross sections one would expect to aessure for ooraal else treea. 

The average building haa a croaa section 10 db higher then this tree st 

2S.9 Ms. 

Note that at lover frequencies the rsndoe orientation of buildings 

will cause a sesller decrease In a building's cross section, since the 

«alia »111 produce lesa directive acatter. Moreover, tree cross sections 

should decresse very rspldly for lengths below l/8 wsvelength (or so) 

[lief. 4, pp. 29, 31, 59]. Therefore, we «ay expect that buildings would 

produce slgniflesntly More scatter st lower frequencies, si though It Is 

difficult to Infer froa Pig. 14a that low-frequency ()ow kh) behavior 

Is actually aa approxisuited. Moreover, a dependence on building width 

was not deduced. 

An .'.leapt to generslize the shove coapariaonr for a single tree snd 

s single building to scstter froa cities snd forests could prove fstsl, 

since the distribution of upright targeta on an arbitrary terrain varies 

ao widely; aoreover, It has not yet been proven thst Isnd backscstter does 

Indeed result froa such upright targets. One csn, however, aake the 

following obaervatlona. 

Since trees snd street lights In cities sre ususlly spsced auch less 

then s wsvelength froa buildings snd houses (effectively closer st lower 

frequencies), their effect asy be likened to thst csused by supporting 

structures in the buildings.  One asy therefore expect an additionsl In- 

cresse In the cross section of s building thst includes street lights 

since s street light wss found to hsve s free-sp»rf. cross section shout 

8 db isrger then the "sversge" tree's [tof. 4, p. 47'. 
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Although horizontal scatter fro« treei and bulldlnct Is auch «aaller 

than that for vartlcal polarisation, at lo* an«Ias of incidanc« on« nay 

probably «pact aor« borlsontal acattar froa citlaa as s rasult of povar 

Unas.  This «ill ba aspactslly tru« at bighar fr«qu«nci«s.  Por «ssapl«, 

assuaa an avaraga Una baight of 40 ft. Tha affactivanaas of po««r and 

t«l«pbon« linaa «ill d«p«nd upon thair baigbt-frtw-ground/aavalangth ratio. 

At particular baigbts, tha pstb diffarsnc« b«t«aan direct and ground ra- 

flactad raya is such aa to cauaa total fiald cancellation at tba Una 

Aaauaing that R ■ -] for horizontal polarisation, it aay ba seen froa 

tteoaetritaj considarstions tbst total cancellation occurs for 

\m 2  sin ♦     ■••• l« a'  •• 

«bare    bL    is tha lin« baight.    Assua« tbst 6.5 IBs is tha fr«qu«ncy used; 

than    \ «ISO ft    and    K/{2 sin 15*) ■ 269 ft.    Or,   nt    h,   - 145 ft,    coa- 

Plata constructive lnt«rf«r«nc« occurs.    Sine« aoat  linss ar« about 40 ft 

high,   and both    t^    and    B      ar« «qually affacrr^,   cb« lin«'« «ff«ctiv« 

cross aaction coaparad to ita aaxlaua is given by 

Lin(~ x ifi   x 100« . 3.1< (25) 

Thia is quit« saall  and raaulta in probable negligible acattar froa lines 

st  this frequency,   although aany linaa are aeveral wavelengths  long. 

At  25.9 Ms,  on  the other hand,   a stallar  analyals Ufa 15*  shoes 

that acattar «ill  b« 95 p«rc«nt effective froa linaa 40 ft  high. 

Since croaa sections of linea are proportional  to (length)   ,  on« aay 

expect  significant   horizontal  acattar froa cities  at  higher HP frequoncles; 

bowevar,   the actual   scattered  power «ill,  of course,   alao be s function of 

the Una's gain pattern.    Sa«,  for instance,  Ref.   14. 

finally,  not« that  roes of buildings sr« us tally spaced in a fairly 

regular fashion—corresponding to s typical  straat aap.    One «ould th«re- 

fore expect  a backseatter  signal  enhanreaent  at   frequencies for which con- 

atructiv« interference occurs b«tv«an r«fl«ctlons froa sdjscant  rows.    The 
n«ff«ctiv«" row spacing  Is «qual   to    D[(cos t)/(sln p)     ,    «h«r«    D    is  tb« 

actual  spacing,    t    la the angle of  incidence,   and    ß    ia the argle between 
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ray« and row».  Conatructlv* lntcrf«r«nc« occur« for «ffsctlve row «paclnc« 

•qual to aultlpi«« of l/2 ««valangth.  The effect will not occur in forested 

«re«« «Ince tree« «re u»u«lly positioned rnndoaljr.  The sign«! enhenceaent 

effect would probebly be noticed provldlnc the city is very lerge or 1« sur- 

rounded by very «Mil tree« or open country 

Scatter fro» « large «re« confining aaay tree« or building« will be 

reduced by the "«h«dowlngn of «dj«cent terget« by their neijhbors. «etzel 

[Ref. 7] predicts th«t thi« effect will be greeter for clusters of building«. 

Although an «verage building's cross section a«y be two order« of ««g- 

nitude lerger then th«t for an «verage tree, a particular illuaiaated are« 

would probebly contnin enny «ore (perhep« More then 100 tiae«) tree« th«n 

bulldin«-  In light of thi« probability and the «h«dowlng effect, it «till 

«ppeers ihst *ree« are, in general, the priaary «ource of ground b«ck«c«tter, 

if indeed such «catter reault« fro« upright ground target«, When there 1« 

prior knowledge of «n illueinnted target «re«, one sight perhap« verify thi« 

prediction fro« record« containing signnl enh«nce«ent« «t particular fre- 

quencies.  If signal enhanceawnta are large for a particular study, it ia 

very probable that city acatter i« predo«!anting. 
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IX.     PROBE SYSTEM:     MOOIPICATIGKS AXD RECOHBifDATIONS 

Sine«  tb« prob« system d«scMb«d by StMl« and Barmt.   [t«f.  4)  ls 

ratbar unique,   it ia worthy of coaaent «lib regard to general  applications 

A hlocH diagraa of  tb« ayatMi la repeated In Pig.   17;  detailed design  in- 

formation baa been given In Ref.  4. 

»>*»OBC   SYSTEM 

RF »9M« 

OUTPUT 
CONTRO. 

L»CAft 
AMPL^CR 

0—350« 4^# ?S9ie«! 

Jft 
VOLTAGE 

TRANSMTTSiC 
ANTENNA 

^AMPLIfCR 

ANTENNAJ >■'       ' 

ai|R_ 

COMPARAT 

HEFERFNCE 
CEU. 

[ 
TOR—-i 31 

GATE 

ttffWt 

RECEIVING     TELEMtri^>NCl 
'.NTEf#4A       ANTEIMA 

"1? 
EUMETCRMG 
TRAWSMmtR 

PIG. 17. BLOCK  DIAGRAM OP PROBE SYSTRI. 

Moat Important, Steele and Barnum «ere able to conclude that the probe 

«aa too small to upaat the fields being memtured, In the vicinity of or 

lllualnsted targets. This fact referred to the probe'a free-apace radar 
2 

cross section «hlch la lass than 0.1 ■ .  It «as not possible to aeaaure 

this low a vslue, but it nay be deduced through reference to croaa sectlona 

obtained for cyllndera In free apace [Ref. 4, pp. 29, 31, 59!. Then, alnce 

4nr (26) 

we find that E (r 10 i) < 1 percent of E (at the probe). Hence, if 

one «ere 10 meters swsv from a reflecting target, the resultant acattered 
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fl«ld vould IM !••• ihM 1 p«rc«nt  la «rror.    This «rror «ill  b« *•»• If 

lb« raue« d«p«nd«oc« of  lb* field»  Is  f»«i«r  tban l/r,  «bleb «111  b«  tru« 

in aost iBstaacM near tb« ground.    Th« «rror algbt b« fr«at«r If   tb« prob« 

r«c«lv«s worm illtmlnatton fro« tb« traaimittar tban tb« fiald point 10 

«•t«rs mmy.    At   tb« prob»'* position,  psrbsps s 10-p«rc«nt «rror «xlsts. 

Ho««v«rt  if tb« proba'« polarisation 1» «alntainad conafant mlatlv« to 

tb« trananlttlna antsnna,   tba «rror la also constant;   It la tberafor« in- 

cona«<|u«ntlal  sine« only ralatfv« flaid valuas ara aaasurad. 

Tb« t«l«a«t«rlnff sntsnns «ss found to introducs s sllgbt constant  st- 

tsnustlon to tb« fl«lds bslng Msaurad  [tof.  d).    An analysis slallsr to 

ihr sbov« sboss tbst Its r«rsdlstlon Is n«tllglbla sine« Its sis« «ss 

snallar tban tb« prob«. 

Por («aaral  appllcstlons,   tb« t«l«iMt«rlnc ■nt«nns should b« «ad« 

aullar.   tbroucb aor« «fflciont «stchin«,   and aountsd p«rp«ndlcular to tb« 

s«p.rlac «ntrnna      Battar still,  alnc« nonconstsnt  flald  intarfarenc« eould 

atlU occur (»Itb arbitrary proba orlantatlona),  s vary high talaMtar 

frequency eould b« oboaan.   and duplaxln« would tban b« poaslbla.    «Itb tbls 

■atbod,  dlffonmt proba orlantatlona «ould oot  affact  tba attanuatlon eausad 

by tb« eloaa proxlalty of  tba prob« aanaln« and talaaatcrln« antanna • 

Slnea tb« prob« systaa «aa constructad rathar burrladly.   It «aa found 

lat«r tbst otbar laprovaaants could ba wad«.    A faa coaaant« rafardtnf 

tb«s« laprovaaant» ara In ordar. 

A aaaliar proba sanalng antanns «ould csus« lass flald upaat  In tbe 

vicinity of tb« proba,  but «ould also craata las« polarlsstlon dlscrlai- 

nstlon.    Tba lattar affact coulc ba dacraaaad by raduclng  tba aisa of  tba 

c«ntar bos uaad tor aqulpamt bousing.     In «anaral, conatructlon practlraa 

and sis« llaltstlon «111 b« s function of  tb« daslrad application«. 

Purtbar laprovaaants can b« aad« In tb« systaa gain aagnltuda and 

stability,   talaaatar mill «Idtb and daptb,   tranaalttar output control,   and 

t«laaatar AOC voltaga «onltorlng. 

Syal«« gain is prlasrlly scbl«v«d in tb« prob« sapllflor      A first 

at«p «ould b«  to aatcb tb* proba antanna to  tba aapllflar  Input  aor« «f 

flelnntly.     Ineraaalng tba gala ^f  tb« prob« aapllflar «itbout  pron«r st- 

lontlon  psid to sapllftsr stability «ould b« dlssstrous.    Also,  car« sbould 

b« taksn not to lncr«ss« tb« sai>llfl«r nols« figure,  sine« nois« «111 
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contrlbut« to output ■■entlud« ubcortalntjr, which in turn »ill docroaso 

•ystoa accuracy duo to ACC null broadonlnf. 

Thor« «r« two prlaorjr causos of aapllflor drift:  (l) battory run- 

down, and (2) taoporatur« chaafoa cwiaod by coaponant joulo heatin« and 

last taaparatur« variation». Tha praaant schaaa aaploya thonUator 

latloa to achlava taapari>t»ra atablllty ovar a rathor aaall taapar- 

atura ran««: aarcury battarla ••■ ■« uaad alnca thay hava tha aoat constant 

output v« tloa character»»'»c«.  It «a» found that taaparatur« variation« 

oar« olda onough (OB anaa daya) to causa a «onotonlc gain drift--thla la 

nafllfflbla If roadinca ara takao ovor a abort porlod of tlo«, «ay IS ain- 

utaa. for longar aaaaurlng tlaaa, or if day-to-day coaparlaona ara do- 

alrad, aoaa atandard rafaronc« roadinca auat ba taken parlodlcally «hlch 

■ay bo uaad to noraallaa aota of rolatlvo fl«ld raadlaga.  In othar «orda, 

tha null-producing probo fl«ld might change with tlaa (taoporatura). 

If «nr« gain were achlovod, or If vide ta^oraturo change» ara antic- 

ipated, It appear« that a negativ« feedback achaoe would b« aost desirable, 

sine« a chang« in gain of 0.) db la vary noticeable. Therefore It would be 

uaeful to design a high gain sapllfler. possibly using FTT'a aa the active 

aleaonta, eoploylng low-frequency feedback, and preceded «itb a ataggor- 

tunad, «aalaally flat narrowband filter tuned to the desired froquoncy. 

A bandwidth of ISO kür (achieved with cascaded-signal-tuned clrculta) proved 

adequate In the author'a aystoo. However, If adjacent channel interference 

la sntictpsted, or ■ particularly nolay target area la under study, a oore 

narrow bandwidth would bo neceaaary.  The aaxlaally flat filter would then 

be helpful In decreasing errora due to possible transnltter frequency and 

filter component drifte. Aa tha gain la raised and «ore feedback uaad, 

■ore «table aapllflar conditlona roault. However, the input iwpodance will 

alao go down with «ere feedback--hence f 11 tor-natch ing probleoa will go up. 

A ««jnesllv flat not h filter in the feedback loop might then be helpful. 

The telesMter could be first laprovod by increasing its RF output and 

by «etching the teleoetering antenna to the transoltter output (after per- 

haps decreaaing antenna length). This would increase the effective range 

of the systea and would place the null depth above the local noise level 

under «or« advorae conditlona. With the present syateo (ualng a 4-ft 

taleaetorlng antenna oounted 4 ft off the ground}, a l/4-aile range proved 
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to b« about MUilaua.  It «M found «•pirlcally that •» botter aatchos 

wmr*  obtain«! batvoan talaaatar and talaaatar aatanaa, iha null depth 

lovarad, ttoaraby dacraaain« tba null width and incraasln« tha accuracy of 

tba tyBtmm.    Tba auraat vajr to Incraaaa tba null dapth 1* to batter taolata 

tba talaaatar oaclllator fro« tba output aapltflar which follow« tba cat« 

Purtbaraora, tba gate abould be daalgnad to elialnate stray coupling and 

leakage currant»--whlcb occur between gate input and output wiring «nd 

acroaa tba gate diodes. Finally, aanaa should be provided for obtaining 

a aore balanced Input to tba gate. 

Once the probe aystaa accuracy is Increased, it will be nacaaaary to 

have a aore vernlered transatt tar output control; for dacraaaed null width, 

the percent change required In tranaalttar output in order to achieve exact 

null will also decrease, furtheraore, a aore aenaltlva aeter, biased to 

the proper range, could be used for telaaatar receiver AOC voltage aonl- 

torlng.  In fact, up to a certain point (which depends on the eyaalght of 

tha operator and tha noise level) as this aatar la aada aore sensitive, 

aore "effective" null depth Is achieved. Above all, a stable, narrowband 

telaaatar receiver abould be used. 

Genersl uses of the probe night include the aaasuraaent of antenna 

patterns, field leakagea froa tranaalttar bulldlnga, underwater field dla- 

trlbutlona (after appropriate equlpaent houalng la obtained), polarisation 

dlscrlalnstlon, ground constsnta, or reflection coefficients. Xote that 

these aeaaureaants can be aada st only one frequency.  If nsssure-tenis st 

aore than one frequency are desired, the frequency of the probe aapllflar 

aust be adjusted, snd Its sntenns reastcbed.  Care aust then be tsken not 

to spproach the teleaeterlng frequency too closely. 
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X.  OOWCLOSIOWS 

Tb« result* for c«Mnt brick wall cross sections, both ss s function 

of wall sis« sod sngls of Incldsnc« (Figs. 11 tbrough 13), and In fro« 

spsc« as s function of vsll sis«, indlcst« tbst comsr rsflsctor tbsorjr 

Is closely spprosinstsd for larger vslls at kb > S. For tbsa« vails, a 

kns« «ffact la claarly obasrvsd for vartlcal polarisation but «as not ss 

pronounced ss tbst for s larg« oak tr««; tbls suggssts tbst scsttsr fro« 

buildings «sy b« blgbsr tbsn tbst fro« tr««s st tb« lo««r sngl«s of in- 

cld«nc«. Por saall«r «alia, tb« kn«« vaa not obsarvsd but «ill still occur 

In light of «KparlsMitsl error» for lover angles of Incidence.  Backacatter 

«aa not aessursble for borlsontal polarlsstlon until tbe Isrgest «all «as 

rescbed; for «acb ^srtlculsr target, vertical croaa aectlona «ere alvaya 

higher tban those for borlsontal polarlaatlon. 

Result* for free-space croaa section« sbo« tbst for sasller «slls 

cross sections aajr be proportional to area ratber tban to (area) ; later 

results at different angles of incidence suggested tbst these cross sections 

nay actually be proportional to (area)*. Por O.g < kh < 8.0, oroaa sections 

also sppesr to be roughly proportional to (frequency)', ratber tban (fre- 

quency) . 

A 30-ft-hlgh by M-ft-aquare, dry, randomly oriented building ahould 

have a croaa section 13 db larger tban a tree «1th s trunk 17 ft high snd 

4 ft vide, st 2S.0 MU. 

Conslderstlon of other city targets, prlaarlly pa««r lines, suggests 

tbst borlsontally polarised scstter shoul l be larger froa cities tban froa 

foreata. prlaarlly at tbe upper end of the HP apectrua. 

Since treea far outnuaber buildings in large areas illuminated by HP 

rsdsr, tree» aay be tbe prlaary source of vertically polarised ground bsck- 

scstter. Thl» prediction algbt be verified by noting tbst bsckscstter slg- 

aal enhsneoaen's froa cities should occur ss s result of constructive 

interference between reflections froa adjacent rova of buildings. Por s 

particular bsckscstter record, the asgnltude of these enhsneeaentt eight 

provide an indication of s city's rsdsr effectiveness. If targets on tbe 

llluRlnsted land area «ere knoen. 
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Futur« vork «ight  taclud« 'IM ■•asur«r«nt of cros» ••cttons of  long 

line« at dlfformt  anclos of  incldonc« MM! at difforont   napoct  anglo« 

Otbar land targvta,  If laolatad,  could alao provld« uaoful   information 

It would bo latoroatlng to obtain,  at a lovar froquoncjr aa coaparad  to 26 

Mi,   infonutlon rogarOing  lo«    kb    croaa aoctlon bobavlor of «all« and 

olhor  targeta. 
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It la becoaing «ore apparent that A fair proportion of high-frequency backscatter 
fro« level portions of the earth's surface results fro« upright targets such aa trees 
and buildings.  Using the standing-wave eethod, at 26 MHz. trees have I .en investi- 
gated at angles of incidence (with respect to the horisontal) up to 22.S*.  It vas 
found that a tree «ay provide significant scatter. 

The present undertaking waa to Measure—by the sa»e technique--backscstter fro* 
ceaent walls of different sizes and conditions st 26 MHz  Using s bslloon-borne 
tranaaitting antenna and teleaetering probe, cross sections for both horizontsl and 
vertical polarization were obtained for angles of incidence between 2.5* and 22 5*. 
Magnituf'M« of cross sections were auch grester for vertical polarisation st lower 
angles of incidence. 

For angles of incidence other than broadside, but with the radiation perpendicular 
to the intersection of the wall and the ground, the wall-ground coabination behaved 
as a corner reflector; the experlaental results for larger walls showed agreement wilt 
the corresponding theory.  Subsequent extrspolstion of the theory suggests thst build- 
ings asy hsve cross sections auch higher than treea. 

A coaparlson of wall acatter to that froa a large oak tree, and consideration of 
other city targets, suggests thst at low angles of incidence horizontslly polarised 
acatter ahould be larger froa cltlea than froa forests, prlaarlly at the upper end of 
the HF spectrua. Although an average building aay have a cross section aa Mich as 16 
db larger than that for an average tree, trees far outnuaber buildings in the large 
areas illualnated by HF radar; therefore, trees aay be the priaary source of 
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vertically polarised ground backseat tar  A kne« 
»as obaervad In tha curves for cross aectlon vs 
sngle of Incidence; however, the knee »as not as 
pronounced for the »sll as tbst occurring for s 
large oak tree. This variance suggests thst 
scstter fro« buildings «ay be higher than that 
froa trees at the lover angles uf incidence. 

Backseatter algnal enhanceaents froa cities at 
particular fraquencles alght provide an lndlcatlo|i 
of the aagnltude of building acatter froa a 
particular target area. 
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